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Immunoglobulin Levels in Spinal Fluid and
Saliva by Direct Immunochemical Assay
and Microscopic Measurements
Hajime Hayashi, Ph.D.;='= Gerald A. LoGrippo, M.D.,*
and Mary Perry*

The immunochemical
procedure used in this hospital for serum
immunoglobulins
(Igs) has been modified to increase sensitivity (5-to-20-fold)
so that minute
quantities of immunoglobulins
can now be measured directly in unconcentrated
body fluids. Normal spinal fluid Ig levels (±2 S.D. from normal means) were
found to be: 0.01-0.21 mg/100 ml for IgA; 0.5-2.50 mg/100 for IgG: and
no detectable quantities for IgM. Normal (pooled) salivary Ig levels were
found to be 0.01-2.25 mg/100 ml for IgA: trace quandties to 1.85 mg/100
ml for IgG: and no detectable quantities for IgM. Spinal fluid and salivary Igs were
assayed in 227 adults with and without symptomatic clinical conditions. The data
indicate no direct correlation between serum Ig values and spinal fluid or salivary
Ig values, either in individuals or in groups with similar clinical
symptomatology.
Four individuals with serum IgA deficiency demonstrated no IgA in their saliva,
hut possessed IgM in their salivary secretions.

Various immunochemical procedures for determining immunoglobulins
(Igs) in serum are neither simple nor
sensitive enough to measure the minute
quantities in spinal fluid and salivary
secretions without concentrating 10 to
100 fold.''
'- Such concentration is
time-consuming and not always feasible
with the volumes submitted, particularly specimens from newborns, infants
and children. The micro-double-diffusion technic'" reported for serum Ig determinations has been modified so that
minute quantities of Igs in various body

fluids can be measured without having
to concentrate the fluids. The present
paper deals with development of the
technic, the establishment of normal
standard values and application of the
technic in evaluating spinal fluid samples of 49 individuals and saliva
samples of 178 individuals. The advantages of these procedures for routine clinical laboratory determinations
are given.
Materials
Selection oj individuals: Healthy
laboratory personnel were selected for
determination of salivary secretions because they were asymptomatic and
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had no history of chronic disease.
These individuals had been repeatedly
evaluated and found normal in their
serum humoral immune status." Individuals for spinal fluid determinations
were selected from elective surgical
patients without central nervous system
conditions. Diseased patients were seen
in consultation with staff members of
the Henry Ford Hospital. Selected individuals were chosen for comparative
studies because they manifested serum
Ig values above or below the normal
range. All comparative studies between
serum, spinal fluid and saliva were
made by a micro-double-difPusion
technic, varying only in manipulation
of anti-serum concentrations and
method of measuring the precipitation
bands (See Methods).

wringing them with the plunger. Spinal
fluid and saliva samples are tested soon
after collection. However, they may
be frozen for storage without affecting
Ig determinations.
Methods
Microscopic Method jor Determination
oj Minute Quantities oj Immunoglobulins Modified jrom
Macroscopic
Method
Macroscopic measurements: Details
of the technic concerning materials and
method of standardization for quantitation of three major classes of serum
Ig (IgG, IgA, and IgM) have been
published.'" Essentially, it consists of
an immuno-double-diffusion method in
agar-slide by using a five-well plastic
template* arranged with a central weU
and four peripheral wells. The wells are
4 mm apart from each other and have
a capacity of 0.025 ml. Mono-immune
antiserum for each Ig class is placed in
the central well and four serial dilutions
of the serum to be tested are placed in
the peripheral wells. After 40-48 hours'
incubation at room temperature in a
moist chamber, the template is removed and the distances from the center of the central well to the inner
edge of the precipitation bands are
measured with a centimeter scale by
projecting the patterns (magnification
24X) through a magnifier. Standard
graphs are established for each Ig class
with specific anti-Ig serum purchased
from commercial sources. The normal
Ig ranges in serum ( ± 2 S.D. from
normal means) established for adults
by this technic are:

Clinical specimens: Serum from
clotted blood was maintained sterile
after collection and during processing.
Spinal fluid samples were collected
from 49 individuals without central
nervous system (CNS) involvement who
were undergoing surgery where spinal
anesthesia was indicated. Salivary secretions were collected with dental
cotton rolls. For routine clinical determinations, a pool of salivary secretions
from parotid and sublingual glands
(without stimulation) was finally adopted (Sec Results). A dental cotton roll
is placed beneath the tongue until
saturated with pooled salivary secretions. Two saturated dental rolls are
ample for obtaining 2 to 3 ml of
pooled salivary secretions for Ig determination and storage; only 0.3-0.5 ml
are needed for testing. Specimens are
sent to the laboratory in dry sputum
jars. The saliva is expressed from the
cotton rolls by placing them into the
barrel of a 3 ml plastic syringe and

600-1400 mg/100 ml for IgG;
• Available from M . H . Specialties Co.,
20254 Woodward Ave., M t . Clemens,
Michigan
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TABLE I
LIMITATIONS OF IMMUNOGLOBULIN (Ig) DETERMINATIONS
BY MACRO- AND MICROSCOPIC TECHNIQUES
Technique

Minimum Detectable Quantities (mg/100 ml)*
IgA

IgG

IgM

Macroscopic

1.0

LO

5.0

Microscopic

0.05

0.2

0.5

Fold Increase
in Micro-method
over Macro-method

20

5

10

Limits of reproducible determinations. Values below these quantities
are seen and expressed as "trace quantities".
(macroscopic view) was formed after
addition of undiluted anti-IgA serum
in the central well; and reference serum
dilutions of 1:128, 1:256, 1:512 and
1:1024 in the peripheral wells (undiluted reference serum containing 104
mg of IgA per 100 ml). At the four
given serial dilutions of the reference
serum, the concentrations of IgA are
0.81 mg, 0.4 mg, 0.2 mg and 0.1 mg
per 100 ml respectively. The bands
formed are located close to the peripheral wells, they are very faint with
diffuse edges, and they are not measurable in the first two dilutions according to our technique."* Moreover, the
bands fail to form in the higher dilutions. However, in Figure 1-B (microscopic view) the same dilutions of reference serum with IgA form measurable bands at the zone of equivalence
only when the anti-IgA serum is diluted
to 1:16 (First modification from the
macroscopic procedure). Although the
precipitation bands are sharp, they are

30-135 mg/100 ml for IgA;
and 30-120 mg/100 ml for IgM.
Ig levels for new-boms, infants and
pre-school children have also been
published." Since these values vary on
a monthly and yearly basis up to preschool ages, they are not included here.
Microscopic measurements: Since
the minimum detectable quantities by
our macroscopic method are 1.0 mg/
100 ml for IgA and IgG; and 5.0
mg/100 ml for IgM (Table I), it became necessary to increase the sensitivity of the method for the minute
quantities of Igs normally found in
body fluids. This was accomplished
by diluting the mono-specific anti-Ig
serum in the central well so the zone
of equivalence of the reactants will
form sharp precipitation bands between the wells. Figure 1 shows the
comparison of the micro-doublediffusion precipitation patterns obtained by macroscopic and microscopic
methods. The pattern in Figure 1-A
265
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t:5J2

•i:1024

'

Figure 1
A (Macroscopic view)
B (Microscopic view)
Precipitation patterns obtained by micro-double diffusion method. A, the pattern formed after
addition of undiluted anti-IgA in the central well and serial dilutions of reference serum (104
mg of IgA per 100 ml) in the peripheral wells. B, the pattern from 1:16 dilution of anti-IgA in
the central well and serial dilutions of the same reference serum in the peripheral wells.
ments of the distance from the center
of the central well to the precipitation
bands are made by a convenient scale
(Figure 2) embedded in the eye piece

too faint to be readily seen or measurable through a magnifier, but can be
seen with the naked eye and are measurable in a microscope. The measure-

Figure 2
Reticle* (4X of actual size) embedded in eye-piece of microscope for distance measurements.
*This reticle was specially manufactured by Carl Zeiss, Inc., West Germany, for this purpose
(see test). A reticle may be substituted from any convenient scale.
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of the microscope at approximate 6.5X
magnification (Second modification of
the macroscopic procedure).
Table I I gives the actual distances of
the serial dilutions made from 104 mg
IgA in 100 ml of the reference serum
measured by the microscopic method.
Standard curves are plotted on a semilog paper to correlate with the concentration of IgA as shown in Figure

3. Four parallel lines (representing the
results of anti-IgA serum from undiluted, to 1:8, 1:16 and 1:32 dilutions)
show the linear relationship between
the distances and the IgA concentrations.
The standard curves for minute
quantities of IgG and IgM are similarly
prepared from reference serum on the
basis of the microscopic measurements.

TABLE II
IMMUNOGLOBULIN-A CONCENTRATION IN REFERENCE SERUM
CORRELATED WITH DISTANCE OF THE PRECIPITATION BAND
FROM THE CENTER OF THE ANTISERUM WELL
Anti-IgA
Dilution

Cone. IgA
(mg/100 ml)

Average
Distance**

26
13
6.5
3.25
1.62
0.81

4.6
5.1
5.7
6.3
Weak
Weak

1:8

1:64
1:128
1:256
1:512
1:1024

1.62
0.81
0.40
0.20
0.10

4.9
5.7
6.4
6.9
Weak

1:16

1:128
1:256
1:512
1:1024
1:2048

0.81
0.40
0.20
0.10
0.05

5.1
5.7
6.4
7.0
Weak

1:32

1:256
1:512
1:1024
1:2048
1:4096

0.40
0.20
0.10
0.05
0.025

5.0
5.7
6.4
7.2
Weak

Undiluted

Reference Serum*
Dilution
1:4
1:8
1:16
1:32
1:64
1:128

* Reference serum contains 104 mg of lgA/100 ml.
** Figures are an average of 4 to 9 measurements made with a
micro-scale embedded in the eye-piece of the microscope
(Mag. 6.5X).
267

r

Hayashi, LoGrippo and Perry

T

3

4

5

6"

Distance - Center well to band (Microscopic reading)

8 Division

Figure 3
Standard curves for IgA prepared from Table II. Similar curves are prepared for IgG and IgM.

Modification of the macroscopic method to the microscopic technique lowers
the limits of accurate quantitation as
low as 0.05 mg/100 ml for IgA, 0.2
mg/100 ml for IgG and 0.5 mg/100
ml for IgM; increasing the sensitivity
of the measurements for IgA (20 fold),
IgG (5 fold) and IgM (10 fold) (Table
I).

Results
The microscopic method, as described, was applied to study the spinal
fluid and saliva specimens from individuals who possessed normal serum
Ig levels and individuals who possessed
variations from normal Ig levels. The
same technique was applied for a comparative study in measuring serum Igs
268
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by the macroscopic method. Spinal
fluid and salivary Ig levels were measured by the microscopic method without having to concentrate them.
Table I I I summarizes the spinal
fluid Ig levels in 15 individuals with
normal serum Ig levels. Only 15 of the
49 patients studied possessed serum Ig
levels within our normal range. The
mean value of total proteins in spinal
fluid from these 15 patients was 36.6
mg per 100 ml with a standard deviation of 13.5 mg per 100 ml. The mean
values found for Igs in spinal fluid
were 0.11 mg for IgA and 1.50 mg for
IgG per 100 ml. A normal range with
2 standard deviations from normal
means was established for the Ig levels.
Thus, normal spinal fluid levels for
IgA were 0.01 to 0.21 mg per 100 ml
and for IgG, 0.5 to 2.50 mg per 100
ml. IgM was not detectable in any of
the spinal fluid samples tested with the
sensitivity range of the microscopic
procedure.

levels found in the remaining 34 patients of the 49 studied. Of 34 patients
without clinical signs and symptoms of
central nervous system involvement, 21
patients (9 with IgA and 12 with IgG
elevations) showed spinal fluid Ig
variations from the established normal
spinal fluid Ig levels. These patients
showed serum Ig variations from the
normal range. The remaining 13 of
the 34 individuals with serum Ig variations had no spinal fluid variations.
These findings seem to indicate no
correlation between serum Ig values
and spinal fluid Ig values, either on
an individual basis or in large groups.
Immunoglobulin Levels in Saliva oj
Asymptomatic Individuals. Twentythree healthy laboratory personnel were
studied for salivary Ig variations under
the various conditions given (Table V).
Of the four conditions studied, the
number of determinations made and
the average Ig values are given. Since
IgM is not detectable in the saliva by
the microscopic method, only IgA and

Table IV gives the spinal fluid Ig

TABLE III
SPINAL FLUID IMMUNOGLOBULIN (Ig) LEVELS IN
15 INDIVIDUALS WITH NORMAL SERUM Ig LEVELS
Spinal Fluid
Total Proteins

Spinal Fluid Values (mg/100 mi)
Mean

S.D.

Mean + 2 S.D.

36.6

13.5

9.6

- 63.6

IgA

0.11

0.05

0.01 -

0.21

IgG

1.50

0.50

0.50

2.50

IgM

Not Detectable *

No visible signs of any precipitable reactions
(Ig levels below trace quantities; see Table I).
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TABLE IV
SPINAL FLUID IMMUNOGLOBULIN (Ig) LEVELS IN
34 PATIENTS WITH SERUM Ig VARIATIONS FROM NORMAL
Serum Ig
Variations

No. of
Patients

No. of Patients with
Ig Variations in Spinal Fluid
IgA*

IgGf '

IgM 4*

IgA 1 *

12

4

2

0

IgAf, IgOf

10

4

7

0

IgAl, IgG* , IgMf

1

1

1

0

IgG •

3

0

2

0

Others

8

0

0

0

34

9

12

0

Total:

Arrows indicate Ig levels above ( ) 2 S. D. from means.
IgG values are shown. The data indicate that there is no advantage in
collecting individual glandular secretions for routine clinical evaluation
when the salivary pools reflect the overall status of IgA and IgG in the oral secretions. Although fasting samples are
slightly more concentrated, no significant variations were found in relation
to pre- and post-noon-day meals. Salivary stimulation with sour lemon candy
increased the flow of secretions but also
diluted the Ig concentrations. Stimulation is unnecessary as ample volumes
of secretions are readily obtained for
the microscopic measurements.

Igs were found to be 1.15 mg per 100
ml for IgA and 0.83 mg per 100 ml for
IgG. Two standard deviations from the
normal means were considered as the
normal range for salivary Ig levels.
Salivary Igs were found to range from
0.01 to 2.25 mg/100 ml for IgA and
from trace quantities to 1.85 mg per
100 ml for IgG. IgM was not detectable
in any of the salivary samples tested
among the healthy asymptomatic individuals studied.
Table V I I gives the salivary Ig levels
found in 107 patients with a variety
of clinical entities, grouped into variations from normal. Only 26 showed
elevations in salivary Igs. It is interesting to note that five of the 14 patients
with low serum IgA levels demonstrated elevated IgA values in saliva.
Similarly, in 12 patients with low
serum IgG levels, two showed elevated
salivary IgG values. Note, moreover,

Table V I gives the salivary Ig levels
in 71 of the the 178 asymptomatic individuals in whom normal serum Ig
levels were found. These 71 individuals
form the basis of the normal salivary
Ig levels established by the microscopic
technic. The mean values for salivary
270
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TABLE V
IMMUNOGLOBULIN (Ig) LEVELS IN SALIVARY SECRETIONS
IN 23 HEALTHY INDIVIDUALS
Various
Conditions
Studied
Group A. Glands
Left parotid,
Right parotid,
SuDlingual &
Submaxillary

Number of
Determinations*
23

Average Ig Values (mg/100 ml)
IgA

IgG

1.32
1.07
0.71

0.60
0.62
0.56

1.60
1.20
0.80
1.03
0.97
1.10

1.40
0.40
0.40
0.30
0.40
0.50

1.05
0.99

0.75
0.69

0.96
0.57

0.64
0.44

GrouD B. Salivary Pools**
Relation to Time of Day;
6:00 AM (Fasting)
8:00 "
11:00 "
2:00 PM
4:00 "
8:00 "

12

Relation to Noon-day Meal;
Before,
After

30

Relation to Stimulation
with Sour Lemon Candy;
Before,
After

38

* Multiple determinations obtained from 23 laboratory personnel with normal
serum Ig values.
** Pooled secretions are from aliquots of the individual glandular collections.
cal materials and the technics for
immunochemical analysis.^'
^Our micro-double-diffusion methods
have the advantage of maintaining
some of these variables under laboratory control.
The microscopic method has increased the practical sensitivity 5- to
20-fold over our macroscopic method.
We can measure quantities as small as
0.05 mg/100 ml of IgA, and observe
trace quantities below 0.05 mg/100 ml.

that IgM is not detectable in salivary
secretions even though the serum IgM
levels are elevated. In addition (line 3),
IgM may be transported across the
mucus membranes when IgA is deficient or not detectable in the serum.
Discussion
The Ig values in serum and body
fluids reported from different laboratories vary considerably due to the
many variations inherent in the biologi271
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TABLE VI
SALIVARY IMMUNOGLOBULIN (Ig) LEVELS IN 71 INDIVIDUALS
WITH NORMAL SERUM IMMUNOGLOBULIN LEVELS
Salivary

Mean

Saliva Values (mg/100 ml)
S.D.
Mean +2 S.D.

IgA

1.15

0.55

0.01 -2.25

IgG

0.83

0.51

Trace - 1.85

IgM

Not Detectable *

Footnote: See Table
The increased sensitivity permits direct
assays upon body fluids without having
to concentrate them. The apparent role
of IgA and IgG as major humoral
immune factors in spinal fluid and on
the mucosal surfaces of the upper res-

piratory and gastronintestinal tract
make these important components in
clinical evaluation.
The electroimmuno-diffusion (EID)
method of Merrill, Hartley and Claman* is the only procedure known to us

TABLE Vll
SALIVARY IMMUNOGLOBULIN (Ig) IN 107 PATIENTS
WITH SERUM Ig VARIATIONS FROM NORMAL
Serum Ig
Variations
IgAt *

No. of
Patients

IgA, not detectable

27
14
4

IgG t
IgGI

25
12

IgMi
IgMI

20
5

No. of Patients with
Ig Variations in Saliva
IgAt* IgGt* IgM **
9
5

0
0
4
6

2

0
0
0
0

Arrows indicate Ig levels above ( ) or below ( ) 2 S. D.
from normal means.
IgM is not normally detectable in saliva.
272

Immunoglobulins in Body Fluids
which also measures the minute quantities of Igs in unconcentrated body
fluids. However, Claman et aP report
that only IgA is measured in saliva by
their technic and also state that IgG
is not detectable by the EID method.
Moreover, Hartley and his associates'
also report that IgG in spinal fluid is
measurable by their EID method but
IgA is not measurable, unless the
spinal fluid is concentrated 10-fold.
In contrast, the microscopic method
described in this paper is at least sensitive enough to quantitate, without
prior concentration, the minute quantities of both IgA and IgG which are
normally present in spinal fluid and
saliva. The IgG values for spinal fluid
reported by Hartley et aF' by the EID
method are within the relative range
obtained by our microscopic method.
In addition, the IgA values reported by
Hartley and his associates (after lOX
concentration) is within the same range
as found by the microscopic method

(again without having to concentrate
the spinal fluid).
Although serum immunoglobulin
levels in this report may vary from
normal ranges, these variations are not
proportionately reflected in either
spinal fluid or saliva. Our data seem
to indicate that there are no direct
correlations, either between serum Ig
and spinal fluid Ig values or between
serum Ig and salivary Ig values. These
correlations are not seen on an individual basis nor in larger groups.
In these studies, four individuals
with immunoglobulin-A deficiency in
the serum demonstrated measurable
quantities of IgM in their saliva.
Brandtzaeg et aP have also reported
four individuals who possessed IgM in
the saliva along with immunoglobulinA deficiency in the serum.
The clinical data on the patients
studied in this report have been omitted
pending accumulation of a larger series
of patients with this method of analysis.
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